Abstract. Increases in pro-inflammatory cytokine levels and tissue-infiltrating leukocytes have been closely linked to increased systemic and local inflammation, which result in organ injury. Previously, we demonstrated the beneficial and hepatoprotective anti-inflammatory effects of acute ethanol (EtOH) ingestion in an in vivo model of acute inflammation. Due to its undesirable side-effects, however, EtOH does not represent a therapeutic option for treatment of acute inflammation. Therefore, in this study, we compared the effects of acute EtOH exposure with ethyl pyruvate (EtP) as an alternative anti-inflammatory drug in an in vitro model of hepatic and pulmonary inflammation. Human hepatocellular carcinoma cells Huh7 and alveolar epithelial cells A549 were stimulated with either interleukin (IL) IL-1β (1 ng/ml, 24 h) or tumor necrosis factor (TNF) (10 ng/ml, 4 h), and then treated with EtP (2.5-10 mM), sodium pyruvate (NaP, 10 mM) or EtOH (85-170 mM) for 1 h. IL-6 or IL-8 release from Huh7 or A549 cells, respectively, was measured by an enzyme-linked immunosorbent assay. Neutrophil adhesion to cell monolayers and CD54 expression were also analyzed. Bcl-2 and Bax gene expression was determined by RT-qPCR, and western blot analysis was performed to determine the mechanisms involved. Treating A549 cells with either EtOH or EtP significantly reduced the IL-1β-or TNF-induced IL-8 release, whereas treating Huh7 cells did not significantly alter IL-6 release. Similarly, neutrophil adhesion to stimulated A549 cells was significantly reduced by EtOH or EtP, whereas for Huh7 cells the tendency for reduced neutrophil adhesion rates by EtOH or EtP was not significant. CD54 expression was noticeably reduced in A549 cells, but this was not the case in Huh7 cells after treatment. The Bax/ Bcl-2 ratio was dose-dependently decreased by EtOH and by high-dose EtP in A549 cells, indicating a reduction in apoptosis, whereas this effect was not observed in Huh7 cells. The underlying mechanisms involve reduced phosphorylation of Akt and nuclear factor-κB (NF-κB) p65. We noted that as with EtP, EtOH reduced the inflammatory response in lung epithelial cells under acute inflammatory conditions. However, due to the low impact which EtP and EtOH had on the hepatocellular cells, our data suggest that both substances exerted different effects depending on the cellular entity. The possible underlying mechanisms involved the downregulation of Akt and the transcription factor NF-κB, but further research on this subject is required.
Introduction
The deleterious effects of alcohol consumption have been noted in recent years. Though alcohol is a well-described immunomodulatory drug, there are inconsistencies concerning its use due to its adverse effects and associated pathologies. Excessive or chronic alcohol consumption has been associated with negative clinical outcomes and linked to one-third of all mortalities caused by traumatic injury each year (1, 2) . Intoxicated trauma and/or burn patients are at higher risk of suffering from infectious complications, as well as pneumonia, sepsis, organ and multiple organ failure (MOF) (3) (4) (5) (6) . Regarding chronic alcohol consumption, alcohol adversely affects both recovery and outcome after trauma due to the increased risk of infectious complications compared with patients who are not not chronically intoxicated (7) . Other studies have reported no increase in the risk of post-traumatic complications or worse outcome in multiple trauma patients who are primarily alcohol intoxicated (8, 9) . Moreover, experimental and epidemiological data have confirmed that moderate alcohol consumption is associated with reduced risk of cardiovascular disease events, diabetes and coagulopathy in patients with severe, traumatic brain injury (10) (11) (12) .
Alcohol is mainly metabolized in the liver, but large amounts are circulated through the lungs through bronchial circulation (13) ; alcohol systemically affects the liver and the respiratory system. Increased pro-inflammatory cytokine release, which has been closely linked to detrimental effects on health, has been reported after heavy or chronic alcohol consumption (14, 15) . By contrast, studies on acute and/or low-dose to moderate alcohol intake have indicated potentially beneficial anti-inflammatory effects (16) (17) (18) (19) (20) . Johansson et al and others have reported on the alcohol-reduced release of interleukin-8 (IL-8) in human endothelial and epithelial cells, their decreased interaction with neutrophils and reduced translocation of nuclear factor-κB (NF-κB) components into the nucleus (21, 22) . Previously, we have shown that acute alcohol consumption diminished both liver and systemic IL-6 increase, and also hepatic neutrophil infiltration in a model of acute inflammation in vivo (18) . On the one hand, alcohol may increase host susceptibility to infections due to its hypo-inflammatory effects; however, on the other hand, it hides its therapeutic potential under acute inflammatory conditions. Nevertheless, its therapeutic use is limited in clinical settings owing to its entry into the central nervous system (CNS) and the questions which remain to be answered on the dose-and time-dependent mode of action.
Ethyl pyruvate (EtP), the ester formed from ethanol (EtOH) linked to pyruvate, is a well-tolerated non-toxic compound which exerts similar anti-inflammatory effects as pyruvate (23, 24) . Concerning the lungs, EtP has been shown to protect against ventilation-induced neutrophil infiltration and the accompanying deleterious oxidative stress (25) . Hepatic injury in animals with severe acute pancreatitis, but also sepsisor hemorrhage-induced organ injuries in vivo, were prevented by EtP (26) (27) (28) (29) . Collectively, these results suggest that due to its stability, lack of adverse effects, wide therapeutic window and apparently no signs of intoxication, EtP will be useful in a clinical setting for the treatment of acute inflammation. Thus, in the present study, human alveolar epithelial and liver cells were exposed to proinflammatory stimuli and subsequently treated with alcohol or EtP in order to i) clarify the comparability of both agents concerning their anti-inflammatory potential, ii) evaluate the adequate dose, and iii) assess the cellular entity-specific efficacy of both agents.
Materials and methods
Cell culture. The human hepatocellular carcinoma cell line Huh7 and human lung adenocarcinoma cell line A549 were both purchased from Cell Line Services (Heidelberg, Germany). Cells were cultured at 37˚C under 5% CO 2 conditions in RPMI-1640 medium (Seromed, Berlin, Germany) supplemented with 10% heat-inactivated fetal calf serum (FCS), 100 IU/ml penicillin, 100 µg/ml streptomycin (Gibco, Karlsruhe, Germany) and 20 mM HEPES buffer (Sigma, Steinheim, Germany) (30, 31) . Culture media was changed every 2 or 3 days.
The isolation of polymorphonuclear neutrophils (PMNs) from healthy volunteers was in accordance with the Declaration of Helsinki and was approved by the Institutional Ethics Committee of Goethe University (Frankfurt, Germany). PMNs were isolated by density-gradient centrifugation (Polymorphprep; Nycomed, Oslo, Norway) according to the manufacturer's instructions (30, 31) . Thereafter, PMNs were cultured in RPMI-1640 medium as described above, and subsequently the number of neutrophils as well as their viability were determined by trypan blue exclusion assay. Cell cultures with a purity of >95% were used for experiments.
Cell stimulation. The concentrations of IL-1β and tumor necrosis factor (TNF), as well as EtOH, EtP and sodium pyruvate (NaP), used in this study are based on our previous work, and that of others, to allow for better comparison of data (30, 31) . The cell lines were stimulated with either recombinant IL-1β (1 ng/ml; R&D Systems, Wiesbaden, Germany) for 24 h or TNF (10 ng/ml; Sigma) for 4 h. After stimulation they were incubated with EtOH, EtP or NaP. EtOH was used at 85 and 170 mM (corresponding to 0.5-1 vol/vol percent, corresponding to 4-7.9 mg EtOH/ml) as described previously (22, 32, 33) . Likewise, the concentrations of EtP (2.5 and 10 mM) and NaP (10 mM) were chosen from previous work (32, 34) . The cells were stimulated with either EtOH, EtP or NaP for 1 h to study the effects of acute alcohol exposure.
Cell viability. A549 and Huh7 cell viability was assessed by measuring cytoplasmic lactate dehydrogenase (LDH) activity (30, 31) . When the plasma membrane is damaged, the cells release LDH into the cell culture supernatant. The activity of LDH in supernatants collected from cells treated with EtOH, EtP, NaP, IL-1β and TNF was determined enzymatically according to the manufacturer's instructions [cytotoxicity detection kit (LDH); Roche]. A549 and Huh7 viability was >95% at the time and doses chosen for the treatment of the cells in each case. Moreover, no significant detachment of the cells was observed by microscopic evaluation of the cell layers using a Zeiss inverted fluorescence microscope (AXIO Observer Z1; Carl Zeiss AG, Oberkochen, Germany).
A trypan blue exclusion assay was used to determine the viability level of neutrophils (30, 31) . Briefly, isolated neutrophils were stained with 0.4% trypan blue and approximately 100 cells were counted after each isolation. The mean percentage of viability was >99%.
Quantification of cytokine production. To determine the effects of EtOH, EtP and NaP on pro-inflammatory cytokine production, A549 or Huh7 cells were pre-incubated with either IL-1β (24 h) or TNF (4 h). EtOH, EtP or NaP were applied for 1 h after stimulation. Subsequently, IL-6 and IL-8 were measured in culture supernatants from Huh7 and A549 cells, respectively, using the Quantikine assays (R&D Systems) according to the manufacturer's instuctions. ELISA was performed using an Infinite M200 microplate reader (Tecan, Männedorf, Switzerland).
Ribonucleic acid (RNA) isolation, reverse transcriptionquantitative polymerase chain reaction (RT-qPCR).
After stimulation with IL-1β or TNF and incubation with EtOH, EtP or NaP, total RNA from A549 or Huh7 cells was isolated using the RNeasy-system (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Residual amounts of the remaining DNA were removed using the RNase-Free DNase kit according to the manufacturer's instructions (Qiagen). The RNA was stored at -80˚C. The quality and amount of RNA were determined photometrically using a NanoDrop ND-1000 device (NanoDrop Technologies, Wilmington, DE, USA).
RNA was subsequently used for RT-qPCR as described previously (17) . Briefly, 100 ng total RNA was reverse transcribed using the affinity script qPCR-cDNA synthesis kit (Stratagene, La Jolla, CA, USA) following the manufacturer's instructions. To determine the mRNA expression of Bax and Bcl-2, RT-qPCR was carried out on a Stratagene MX3005p qPCR system (Stratagene) using gene-specific primers for human Bax and Bcl-2 (Bax: NM_004324, Hs.624291, ord. no. PPH00078B; and Bcl-2: NM_00633, Hs.150749, ord. no. PPH00079B, respectively) purchased from SABiosciences (SuperArray; Frederick, MD, USA). As a reference gene, the expression of GAPDH with human GAPDH (NM_002046, UniGene no. Hs.592355, cat. no. PPH00150E; SuperArray; SABiosciences) was determined. PCR was set up with 1X RT 2 SYBR-Green/Rox qPCR master mix (SABiosciences) in a 25 µl volume according to the manufacturer's instructions. A two-step amplification protocol consisting of initial denaturation at 95˚C for 10 min followed by 40 cycles with 15 sec denaturation at 95˚C and 60 sec annealing/extension at 60˚C was chosen. A melting-curve analysis was applied to control the specificity of amplification products. This method has been described previously (30) .
Relative expression levels of the target mRNA in each sample were calculated using the comparative threshold-cycle (CT) method (ΔCT method). Briefly, the amount of target mRNA in each sample was normalized to the amount of GAPDH mRNA, to provide ΔCT, and then to a calibrator consisting of samples obtained from unstimulated but pretreated cells. Relative Bax/Bcl-2 was then calculated.
CD54 surface expression.
After stimulation with IL-1β or TNF and incubation with EtOH, EtP or NaP, A549 or Huh7 cells were washed in PBS [0.5% bovine serum albumin (BSA)]. Thereafter, cells were incubated with a fluorescein-conjugated monoclonal antibody directed against CD54/intercellular adhesion molecule (ICAM)-1 (BBA20; R&D Systems) for 60 min at 4˚C as described previously (30, 31) . CD54 expression was determined by flow cytometry using a FACSCalibur (1x10 4 cells/scan were counted; BD Biosciences, Heidelberg, Germany) and expressed as mean fluorescence units (MFU). A mouse IgG1 fluorescein antibody (IC002F; R&D Systems) was used as the isotype control (30, 31) .
Monolayer adhesion assay.
In order to analyze PMN adhesion to pretreated A549 or Huh7 cells, A549 as well as Huh7 cells were transferred to 24-well multiplates (Falcon Primaria; Becton-Dickinson, San Jose, CA, USA) in complete RPMI-1640 medium. After reaching a confluence of ~80%, A549 or Huh7 cells were stimulated with either IL-1β or TNF, and thereafter incubated with either EtOH, EtP or NaP for 1 h. Subsequently, freshly isolated PMNs (5x10 4 cells/well) were carefully added to the A549 or Huh7 monolayers or to an empty plastic surface as controls. After 60 min, the non-adherent PMNs were washed off 3 times using pre-warmed (37˚C) complete RPMI-1640 medium. The remaining PMNs were fixed with 1% glutaraldehyde. The adherent PMNs were then counted in 5 different fields of a defined size (5x0.25 mm 2 ) using a phase contrast microscope (x20 objective). The mean cellular adhesion rate was calculated. This assay was performed as described previously (30, 31) .
Western blot analysis for intracellular signalling.
After stimulation with IL-1β or TNF and subsequent incubation with EtOH, EtP or NaP, A549 or Huh7 cells were homogenized in lysis buffer at 4˚C, followed by centrifugation for 30 min at 4˚C at 20,000 x g. Supernatants were stored at -80˚C for later analysis. Lysates (50 µg protein) were separated by electrophoresis on 12% polyacrylamide SDS gels and transferred to nitrocellulose membranes (Amersham-Buchler, Braunschweig, Germany). Phosphorylated Akt was detected using mouse monoclonal p-Akt antibody (cat. no. 4051S), and Akt using mouse monoclonal Akt antibody (cat. no. 4051S), respectively. Phosphorylated NF-ĸB was detected using mouse monoclonal p-NF-ĸB p65 (Ser536) antibody (cat. no. 3036S) and NF-ĸB using mouse monoclonal NF-ĸB p65 antibody (cat. no. 6956S), respectively (all antibodies were from Cell Signaling Technology, Frankfurt, Germany). Determination of β-actin with the anti-β-actin antibody (Sigma, Taufkirchen, Germany) served as a loading control. Blots were blocked (10% non-fat dry milk in 1 mM Tris, 150 mM NaCl, pH 7.4) for 1 h, incubated 1 h at room temperature with primary antibody (diluted according to the manufacturer's instructions in blocking buffer with 0.5% Tween-20 and 0.5% BSA), and subsequently incubated for 1 h with horseradish peroxidase-conjugated secondary antibody (sc-2005; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) diluted at a ratio of 1:1,000 in blocking buffer with 0.5% Tween-20 and 0.5% bovine serum albumin at room temperature. Proteins were detected with ECL™ western blot detection reagents (GE Healthcare, Munich, Germany). Blots were digitized, and the integrated density of individual bands was determined. By densitometric measurement, the amount of protein expression was normalized to β-actin, as previously described (35) . The measured levels of a phosphorylated protein may change with treatment or through gel-loading errors, and thus the total level of the non-phosphorylated protein were also determined. Thus, the phosphorylated protein fraction relative to the total protein fraction serves also as an internal loading control. The activation state of Akt or p65 was calculated as the ratio of phosphorylated and total (phosphorylated plus non-phosphorylated) protein values of densitometric results in percentage form (phospho/total x 100).
Statistical analysis. Differences between groups were determined by Wilcoxon-Mann-Whitney U-test. A p-value <0.05 was considered to indicate a statistically significant difference. Data are represented as the means ± standard error of the means (SEM). Statistical analyses were performed using GraphPad Prism 6 (GraphPad Software, Inc., San Diego, CA, USA). All experiments were performed 3 times.
Results
Determination of cytotoxicity. In order to evaluate the possible toxic effects of the drugs that were used, after treatment as described in Materials and methods, the LDH activity in supernatants was determined. Treating A549 and Huh7 with IL-1β or TNF did not have a toxic effect. Moreover, treating both cell lines with either EtOH, EtP or NaP for 1 h did not exert any observable toxic effect either (data not shown).
Measurement of the secretory potential of A549 and Huh7 cells.
In order to examine the secretory potential of the pro-inflammatory cytokines, IL-8 release by A549 as well as the IL-6 release by Huh7 cells was determined. Previously, the cells had been stimulated with IL-1β or TNF and were subsequently incubated with EtOH, EtP or NaP.
Lungs: IL-1β and TNF induced a significant release of IL-8 in A549 cells, from 1.55±0.38 to 36.10±2.76 ng/ml IL-8 (p<0.05; Fig. 1A ) and 0.89±0.03 to 8.07±0.58 ng/ml IL-8 (p<0.05; Fig. 1B) , respectively. Treatment with EtOH for 1 h significantly reduced IL-8 release to 27.33±0.21 ng/ml at a low dose (85 mM) and to 24.32±1.52 ng/ml at a high dose (170 mM) of EtOH compared to IL-1β-stimulated control samples (p<0.05; Fig. 1A ). Treatment with a low dose of EtOH for 1 h significantly reduced IL-8 release to 6.59±0.67 ng/ml, and with high dose to 6.25±0.52 ng/ml, compared to TNF-stimulated control samples (p<0.05; Fig. 1B ). IL-8 release from IL-1β-stimulated A549 cells was significantly decreased by both doses of EtP compared to IL-1β-stimulated control samples which were not pretreated [low dose EtP (2.5 mM): 28.34±2.78 and high dose (10 mM): 22.26±1.69 ng/ml, p<0.05; Fig. 1A ]. Treatment with low-dose EtP significantly reduced IL-8 release to 5.36±0.95 ng/ml, and with high-dose EtP to 6.06±0.80 ng/ml, compared to TNF-stimulated control samples (p<0.05; Fig. 1B) . NaP significantly reduced IL-8 release after both IL-1β and TNF stimulation compared to control samples, results that were comparable to EtOH and EtP treatment (Fig. 1A and B) .
Liver: In Huh7 cells, neither stimulation with IL-1β nor TNF induced an increase in IL-6 secretion. Similarly, the effects of EtOH, EtP and NaP treatment did not markedly affect IL-6 release from Huh7 cells (Fig. 1C and D) .
PMN adherence Lungs:
The adhesion rates of PMNs to either the IL-1β-or TNF-stimulated A549 monolayers were significantly enhanced compared with the adhesion rates of PMNs to unstimulated A549 cells (increased to 156 and 143%, respectively, p<0.05; Fig. 2A and B) . The treatment of stimulated A549 cells with low-dose EtOH (85 mM) significantly reduced PMN adhesion, and reached levels that were comparable to PMN adherence of A549 cells which were not pretreated and not stimulated (p<0.05; Fig. 2A and B) . The treatment of IL-1β-stimulated A549 cells with high-dose EtOH (170 mM) did not markedly reduce PMN adhesion, whereas this reduction was significant in the TNF-stimulated A549 cells (p<0.05; Fig. 2A and B) . The treatment of both IL-1β-and TNF-stimulated A549 cells with both high and low doses of EtP significantly diminished PMN adhesion in most cases (p<0.05). Treatment with NaP exerted comparable effects to treatment with high-dose EtP ( Fig. 2A  and B) .
Liver: Experiments concerning the stimulation and subsequent treatment of Huh7 cells did not deliver statistically significant data (Fig. 2C and D) . Fig. 3A and B) . Treating stimulated A549 cells with EtOH, EtP or NaP reduced the increased adhesion rates (Fig. 3A and B) , although this reduction was not as significant in comparison to the previously described reduction in PMN adhesion in stimulated A549 cells.
CD54 protein expression
Liver: We noted that the stimulation of Huh7 cells with IL-1β induced a significant increase in CD54 expression compared to unstimulated cells (47.00±4.00 vs. 22.50±2.39 MFU, p<0.05) (Fig. 3C) . However, as shown in Fig. 3D , TNF stimulation did not markedly affect CD54 expression.
Treatment of the stimulated Huh7 cells with EtOH, EtP or NaP did not induce considerable changes in the CD54 expression levels ( Fig. 3C and D) . 
Gene expression of apoptosis-related Bax/Bcl-2
Lungs: RT-qPCR demonstrated that an increase in the Bax/Bcl-2 ratio occurred in A549 cells after they were stimulated with either IL-1β or TNF relative to the unstimulated control cells (1.81 or 1.67) ( Fig. 4A and B) . The Bax/Bcl-2 ratio was significantly decreased by 38.3% in IL-1β-stimulated A549 cells after treatment with high-dose EtOH compared to A549 cells which were stimulated but not pretreated (p<0.05) (Fig. 4A) . Low-dose EtOH reduced the Bax/Bcl-2 ratio, but this reduction was not designated significant. Treatment with high-dose EtP caused a significant reduction in the Bax/Bcl-2 ratio after stimulation of cells with IL-1β (reduced by 40.1%) compared to stimulated A549 control (p<0.05) (Fig. 4A) . The IL-1β-induced increase in Bax/Bcl-2 ratio was not significantly altered by NaP. After stimulation of A549 cells with TNF, we noted that the Bax/Bcl-2 ratio was significantly decreased by low-dose EtOH as well a high dose of EtP (p<0.05) (Fig. 4B) , whereas NaP did not induce significant changes in Bax/Bcl-2 expression (Fig. 4B) .
Liver: The Bax/Bcl-2 ratio was not significantly altered in Huh7 after stimulation of cells with IL-1β or TNF (Fig. 4C  and D) .
Protein expression of Akt and NF-κB.
To analyze the signaling cascades involved in the effects described above, the role of Akt and NF-κB in stimulated and treated A549 cells was evaluated by detection of phosphorylated and unphosphorylated Akt and NF-κB by western blot analysis in cell homogenates (Fig. 5) . The protein levels of Akt were similar in all groups. The relative protein levels of phosphorylated Akt were barely detectable in unstimulated controls, whereas the expression of phosphorylated Akt was increased by IL-1β stimulation (Fig. 5A) . The relative protein levels of phosphorylated Akt were reduced by treatment with EtOH, EtP and NaP (Fig. 5A) . The expression levels of unphosphorylated and phosphorylated NF-κB were similar to those results obtained from analyses of Akt. The quantification of Akt and NF-κB expression revealed that both Akt and NF-ĸB phosphorylation, after stimulation of A549 cells with IL-1β, was significantly enhanced compared to unstimulated A549 cells (Fig. 5B and C) . This increase in both Akt and NF-κB phosphorylation after IL-1β stimulation was decreased by EtOH, EtP and NaP treatment, and reached levels of phosphorylation that were comparable to the expression levels of unstimulated cells (Fig. 5B and C) .
Discussion
In the present study, we evaluated the effects of acute alcohol or EtP on the pro-inflammatory responses induced by IL-1β or TNF stimulation of human lung epithelial or liver cells, respectively. Exposure of lung epithelial cells to either EtOH or EtP significantly reduced IL-1β-or TNF-induced IL-8 release. Similarly, the adhesion capacity of isolated neutrophils to stimulated lung cells was significantly reduced by EtOH or EtP, and this result was paralleled by notably reduced CD54 expression. The Bax/Bcl-2 ratio indicated that both EtOH and the high dose of EtP reduced the apoptosis of lung cells. The underlying anti-inflammatory mechanisms appear to involve the reduced phosphorylation of Akt and NF-κB p65. The exposure of liver cells to either EtOH or EtP did not induce similar effects to those observed in lung cells. In summary, EtP reduced to EtOH levels the inflammatory response in lung epithelial cells under acute inflammatory conditions. However, due to the low impact on the hepatocellular cells which we noted, the data suggest that EtP and EtOH have different effects depending on the cellular entity and also on the use of the pro-inflammatory stimulus.
Although alcohol is a well-described immunomodulatory drug, serious inconsistencies regarding its use and subsequent effects on associated pathologies have been previously noted. Despite numerous reports on the deleterious effects of chronic or excessive alcohol abuse, others and our group have reported that moderate or acute use may exert beneficial effects (15) (16) (17) 20, 36) . The negative effects of alcohol consumption have been linked to an increased inflammatory response, including increased cytokine release (14, 15, 37, 38) . Pro-inflammatory cytokines such as IL-1β, TNF, IL-6 and IL-8 have been identified as important contributors to the pathogenesis of organ damage, including lung as well as liver injury in models of acute inflammation (17) (18) (19) (39) (40) (41) (42) . Together with IL-6, IL-8 binds to molecules that are involved in neutrophil activation, trafficking and infiltration of tissues in models of acute lung and liver injury (18, 43) . Interestingly, both IL-6 and IL-8 are modulated by alcohol: while chronic alcohol consumption has been proven to increase their expression and release, acute alcohol consumption reduced the lipopolysaccharide (LPS)-induced IL-6 release from macrophages (44). Short-term alcohol exposure reduced IL-8 release from human umbilical vein cells (HUVECs) or lung epithelial cells, but considerable inhibitory effects on the cellular interactions with neutrophils were also noted, suggesting that reduced nuclear translocation of NF-κB components was also involved (21, 22) . In the present study, IL-8 release from lung epithelial cells after stimulation with either IL-1β or TNF was markedly reduced by EtOH and EtP treatment (Fig. 1) . These data suggest that EtOH and EtP both exerted potent anti-inflammatory effects on lung epithelial cells in our in vitro model of acute inflammation. In line with these findings, Bhatty et al (2001) demonstrated that treating mice with ~87 mM alcohol and then challenging them intraperitoneally with non-pathogenic E. coli suppressed the production of the majority of known proinflammatory cytokines (45) .
Neutrophils, as essential components of the host defense and the innate immune system, are responsible for combating infections; it has been demonstrated that reducing neutrophil presence at sites of inflammation improved organ integrity, as activated neutrophils have the potential to harm the injured tissue (46) . Moreover, reduced tissue infiltration by neutrophils was closely associated with decreased CD54 expression (47) . Jonsson and Palmblad have demonstrated that increased CD54 expression in HUVECs after stimulation with LPS resulted in enhanced adhesion rates of neutrophils to endothelial monolayers (22) . In line with these findings, we have shown in the present study that stimulating lung epithelial cells with pro-inflammatory cytokines markedly increased neutrophil adhesion to these cells as well as the expression of CD54 (Figs. 2 and 3 ). Treating these cells with EtOH decreased cytokine-induced adhesion capacity, and CD54 expression rates were also lowered but the decrease was not so considerable. It has previously been noted that treating lung epithelial cells with alcohol after they were stimulated with IL-6 decreased neutrophil adhesion to these cells, but CD54 expression was not markedly altered (30, 31) . These findings suggest that other mechanisms aside from CD54 downregulation are involved in reducing neutrophil adhesion, possibly CD31 or CD62L. Figure 5 . Effects of ethanol (EtOH), ethyl pyruvate (EtP) or sodium pyruvate (NaP) on Akt and nuclear factor-κB (NF-κB) (phosphorylated and unphosphorylated) expression in alveolar epithelial cells (A549) after interleukin-1β (IL-1β) stimulation. After the stimulation with IL-1β (1 ng/ml) for 24 h, cells were treated with EtOH, EtP or NaP for 1 h. After the incubation periods, proteins were harvested and analyzed by western blot analysis (A). After normalization to β-actin expression, the activation state of Akt or p65 was calculated as the ratio of phosphorylated and total (phosphorylated plus non-phosphorylated) protein values of densitometry results (B and C). The ratio of cells which were not pretreated and not stimulated was set as 100%. The data are presented as the means ± SEM. * p<0.05 vs. not pretreated and not stimulated control (ctrl).
As well as functional effects, it has been noted that treating stimulated lung epithelial cells with alcohol reduced apoptotic changes induced by the stimulation with pro-inflammatory cytokines. Acute alcohol exposure markedly diminished tissue damage in an in vivo model of acute inflammation (18) . Interestingly, here, there are anti-apoptotic effects of alcohol on lung epithelial cells. Our analysis of underlying pathways demonstrated predominantly reduced activation of Akt and NF-κB after acute alcohol exposure of stimulated lung epithelial cells (Fig. 5) . The mechanism via NF-κB for the anti-inflammatory effects of alcohol on lung epithelial cells has been suggested previously (22, 32) . However, to the best of our knowledge, the involvement of Akt had not been described previously.
While beneficial results were observed for lung cells, no similar data were observed for liver cells, suggesting a cell-type specific mode of action for the substances that were applied (Fig. 1) . In our previous in vivo studies, we have shown that acute alcohol consumption exerted liver-protective effects, through diminished systemic and local anti-inflammatory effects in our model of acute inflammation (18, 19) . Previously, we have also demonstrated that acute alcohol ingestion diminished the neutrophil infiltration of the liver in the same in vivo model (18) . In this study, we noted that stimulating liver cells with IL-1β significantly enhanced CD54 expression compared with control. We noted increased adhesion rates of PMNs to stimulated liver cells, but the data confirmed that although there was a tendency to increased PMN adhesion to Huh7, this effect was not significant. One rationale is that, compared with lung cells, Huh7 had stronger baseline CD54 expression as well as higher baseline adhesion rates of PMNs to untreated controls. Possibly, due to this, the findings regarding Huh7 cells were not as prominent as they were in A549 cells. This is one explanation as to why the observed data in Huh7 was not as clear as data from A549 cells. With regard to the anti-apoptotic effects of alcohol, liver cells were not as sensitive to alcohol either (Fig. 4) . It is possible that stimulating Huh7 cells with IL-1β or TNF does not induce apoptosis, as was observed in lung epithelial cells. Additional cell lines should be used in future studies in order to monitor liver tissue.
However, given the adverse effects of alcohol regarding its entry into the CNS but also the risk of addiction, its practical use in clinical settings as a therapy option is rather limited. Comparing the therapeutic potential of EtP with EtOH, EtP is a safe and well-tolerated drug (23) . Moreover, the anti-inflammatory potential of EtOH was mimicked by EtP in lung epithelial cells. Johansson and Palmblad have demonstrated this anti-inflammatory potential previously (48) . However, no underlying mechanism was described previous to the present study, to the best of our knowledge. In the present study, we noted that EtP, like EtOH, reduced both Akt and NF-κB phosphorylation, which possibly resulted in diminished pro-inflammatory cytokine release, reduced neutrophil adhesion rates to stimulated lung epithelial cells or lowered CD54 expression. Therefore, EtP likely represents a useful therapeutic tool that should be investigated in further studies. Regarding NaP, its effects often mimicked those of EtP. However, NaP appears to be anti-proliferative rather than anti-apoptotic. These findings suggest that the pyruvate moiety of both molecules has potent anti-inflammatory potential, whereas the ethyl moiety of EtP or EtOH is responsible for the anti-apoptotic effects. However, this hypothesis should be evaluated in further studies. Notably, the previously described effects were observed only in lung epithelial cells in our study, whereas liver cells appeared relatively unaffected by various treatment options, and the stimuli used. It is possible that the hepatocellular cell line Huh7, which was used in the present study, was not sensitive to the stimuli that were chosen. Furthermore, treatment with either EtOH, EtP or NaP may simply be cell-type specific. This remains a limitation of our study and will be the subject of further studies. In future studies, to exclude the possible effects of an unknown lack of sensitivity of Huh7 cells to certain substances, and in order to further strengthen the data from this study, the experiments should be performed on more than one 'tissue-specific' cell line. While the same treatment may be beneficial for one tissue entity, it may be disadvantageous when using another treatment strategy (e.g., timing) or other tissues. Therefore, applying different treatment strategies to other cell lines deriving from various tissues will markedly improve the findings. Furthermore, the effects of prolonged incubation periods with both EtOH and pyruvate were not evaluated in this study and remain to be seen. Modulations of CD54 expression were rather inconsistent regarding the expected and observed adhesion rates from neutrophils to lung or liver cells. Other adhesion-related proteins and cell lines should thus be evaluated in future studies. Another limiting factor of this study is that the protein activation state was evaluated by western blot analysis and not by a protein kinase activity assay. This remains to be elucidated in future studies.
In conclusion, the pro-inflammatory cytokine release from lung epithelial cells induced by inflammatory cytokines was reduced by both EtOH and EtP treatment. Moreover, both EtOH and EtP reduced the expression of the intercellular adhesion molecules, resulting in associated decreased neutrophil adhesion rates to lung epithelial monolayers. Additionally, both substances exerted anti-apoptotic potential. We suggest that the underlying mechanisms for these effects involve the downregulated activation of Akt and NF-κB. Due to similarly strong effects as well as pathways involved, and also its stability, EtP is likely a potential therapeutic tool which can be used in a pre-clinical setting for the treatment of acute inflammation.
